ABSTRACT
INTRODUCTION

1
There has been a great deal of interest in cell-based microfluidic systems for 2 the development of culture conditions and analysis methodologies in diverse fields 3 ranging from fundamental biological studies to drug discovery (1-3). Microfluidics factors to study cell behaviors such as migration, growth, and neurite elongation (4-6).
8
The focusing flow generators that form hydrodynamic two-dimensional (2D) sheath 9 flow have also been employed to generate precisely controlled microenvironments at 10 the sub-cellular level (7, 8) . Relative to this significant progress in control over soluble 11 factors, technologies for controlling others aspects of the cellular microenvironment in 12 fluidic channels has been lagging.
13
Cell behavior in a microfluidic system has often been evaluated on a 2D flat and interact with each other, influencing their respective functions. Thus, approaches 2 that spatially localize one or more cell types are currently being intensively investigated 3 (12, 13). Given these facts, cocultures that are suited for each cell type, such as the 4 combination of 3D and 2D cultures, in a microchannel may be of benefit for enhancing 5 the efficacy of assays and to generate more sophisticated cell-based microfluidic assays. Although these systems allow for 3D culture of a single cell type in a microchannel, 12 they may not be suitable for coculture of additional cell types because of the 13 non-adhesive property of the hydrogels.
14
In this paper, we present a novel method for fabricating 2D and 3D cocultures 15 in a microchannel. We take advantage of unique characteristics of the cross-linked containing 10% FBS, 100 U/ml penicillin, and 100 µg/ml streptomycin and passaged 2 every 3 and 5 days, respectively. PC12 cells were maintained in low-glucose DMEM 3 containing 15% FBS, 100 U/ml penicillin, and 100 µg/ml streptomycin and passaged 4 every 5 days. The media for each culture were changed every other day. All cells were 5 maintained at 37 ºC, 5% CO 2 in a humidified incubator. The PDMS structures were fabricated through a replica molding process by using substrates were irreversibly bonded to form microchannels by using an oxygen plasma 15 treatment. After the bonding process, the microdevice was left at room temperature for 16 2 days to generate a sufficiently hydrophobic surface of the microchannels prior to use.
17
The 5 inlets to the microchannels were connected to a multi-syringe pump (As One surface was converted to a cell-adhesive surface by introduction of 10 µg/ml PEI 10 solution from inlet 4 for 5 minutes thereby facilitating the adhesion of secondary cells.
11
Immediately after the treatment, 3T3 fibroblasts were seeded at a density of 3 × 10 7 12 cells/ml through inlet 3 to fabricate the coculture of 3D spheroids with 13 two-dimensionally extended fibroblasts. The branched channel and 2 side channels that were placed above the main 7 channel were used as gradient and focusing flow generators, respectively (18, 19). To 8 investigate whether a concentration gradient and focusing flow can be generated even in 9 the presence of 3D spheroids, the streams in the main channel were visualized using a spheroids was prepared inside a microchannel.
10
We have previously reported that a surface coated with cross-linked albumin is embryonic stem cells require benefit from being cultured in 3D to maintain their 13 metabolism, growth activity, and induce differentiation. These culture modes are called 14 "spheroid," "neurosphere," or "embryoid body". We expect that our system, which 15 represents a combination of 3D and 2D cultures, will be useful for enhancing the 16 efficacy of coculture.
17
Another factor that affects the cell fate is the degree of homotypic and and could be cocultured with fibroblasts ( Fig. 3C and D) . Furthermore, to show the We have previously demonstrated that the migration of fibroblasts in a 4 microfluidic channel can be studied in response to exposure to a concentration gradient 5 (19). In this study, however, there is a concern that the presence of 3D spheroids may culture and fluorescent images were obtained for analysis (Fig. 5A) . As it can be seen 10 the gradient was formed in the main channel, but the image analysis revealed 11 differences in the generated concentration profile at the 3 positions investigated (Fig. 12 5B). There are also large differences between the experimental and calculated profiles.
13
We also demonstrated that hydrodynamic focusing of multiple streams can be 14 used to spatially organize multiple streams on the array of cells. Interestingly, the 15 focusing flow was also affected by the presence of HepG2 spheroids (Fig. 5C ). Despite 
